Objective: To determine in a population-based study whether long sleep duration was associated with increased risk of dementia mortality.
Sleep disorders are common in modern society, and especially in the elderly. 1 Chronic insomnia, prolonged daytime sleepiness, and long sleeping have been associated with poorer cognitive function. [2] [3] [4] [5] [6] However, the contribution of sleep problems to the risk of dementia is poorly understood. Only 2 groups have examined this association. 7, 8 In these 2 separate prospective studies, reduced 8 and prolonged sleep 7 were associated with increased risk of incident dementia. Understanding the link between dementing disorders and sleep is not a trivial clinical issue. Because sleep duration is potentially modifiable, this has practical implications for the primary prevention of dementing disorders. 9 Another currently unexplored method to assess this possible relationship is to study sleep patterns among deaths for which dementia has been assigned as a contributory cause (hereafter referred to as "dementia mortality"). The goal of the present study is to expand our knowledge about this association, examining whether dementia mortality is increased in long sleepers compared to short sleepers or to participants with usual sleep duration (6-8 hours) . To address this question, we utilized data from the Neurological Disorders in Central Spain (NEDICES) Study, in which participants were followed for a median of 12.5 years, after which the death certificates of those who died were examined. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] METHODS Study population. Data were derived from the NEDICES Study, a longitudinal, population-based survey of the epidemiology of major age-associated conditions of the elderly, including Parkinson disease, essential tremor, stroke, and dementia. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] A detailed account of the NEDICES study population and sampling methods has been published. [21] [22] [23] The survey area consisted of 3 communities: (1) Las Margaritas (approximately 14,800 inhabitants), a working-class neighborhood in Getafe (Greater Madrid); (2) Lista (approximately 150,000 inhabitants), a professional-class neighborhood in the Salamanca district (Central Madrid); and (3) Arévalo (approximately 9,000 inhabitants), an agricultural zone of Arévalo County (located 125 km northwest of Madrid). Updated lists of residents were generated from population registers. In each community, eligibility was restricted to residents aged 65 years or older who were present on December 31, 1993, or during 6 or more months of 1993.
Study evaluation. At the baseline assessment (1994-1995), 5,278 elderly subjects were interviewed using a 500-item screening questionnaire that assessed demographic factors and medical conditions. This face-to-face interview included data collection on demographics, including all medications with CNS effects (anxiolytics, stimulants, antipsychotics, antidepressants, antihistamines, and antiepileptics drugs), and medical conditions. We assessed depressive symptoms by self-report, using the screening question, "Do you suffer from depression?" The same screening approach has been used in previous population studies of depression. [24] [25] [26] To assess sleep duration, each participant was asked to indicate their "total hours of actual sleep in a 24-hour period." Participants indicated their typical total daily sleep duration as the sum of nighttime sleep and daytime napping.
We mailed a short form of the questionnaire to subjects who either refused or were unavailable for face-to-face or telephone screening. This form assessed demographic characteristics, neurologic disorders (stroke, essential tremor, dementia, and parkinsonism), medications, and the name of the family doctor.
Follow-up data on death were collected until May 1, 2007. The date that the subject died was obtained from the National Population Register of Spain (Instituto Nacional de Estadística). In Spain, a doctor completes a death certificate for all deceased individuals at the time of death. This certificate is sent to the local authority in the municipality where the person had resided, and the information is then added to the National Register. The cause of death (using ICD-9 for deaths that occurred before 1999 [http://www.cdc.gov/nchs/icd/icd9. htm] and ICD-10 [http://www.cdc.gov/nchs/icd/icd10.htm] for deaths occurring thereafter) was classified by NEDICES investigators into 1 of 6 primary categories: dementia, cerebrovascular disorders, respiratory diseases, cardiovascular disorders (pulmonary embolism, congestive heart failure, myocardial infarction, heart or aortic rupture, and asystole), cancer, and other causes (infections, trauma, and genitourinary or gastrointestinal disorders). As recommended by the World Health Organization, the classification of causes of death had been tabulated by the doctors who completed the death certificates, depending on the basic cause of death (http://www.who.int/ topics/mortality/en/). This was defined as the illness or injury that started the chain of pathologic events, which directly led to death (http://www.who.int/topics/mortality/en/).
Final selection of participants. Of the 5,278 participants evaluated at baseline, we excluded 306 with dementia diagnosed at baseline evaluation (1994) (1995) . We further excluded 1,115 subjects without available data on daily sleep duration, which left 3,857 remaining participants who were included in our analyses (figure 1).
The final sample of 3,857 was similar to the base sample of 5,278 participants regarding sex (2, 177 Standard protocol approvals, registrations, and patient consents. The ethical standards committees on human experimentation at the University Hospitals 12 de Octubre (Madrid) and La Princesa (Madrid) approved all procedures. All enrollees provided written (signed) informed consent.
Statistical analyses. Analyses were performed in SPSS (version 21.0; IBM Corp., Armonk, NY). All tests were 2-sided, and significance was set at the 5% level (a 5 0.05). Age was not distributed normally (1-sample Kolmogorov-Smirnov test). Therefore, while the mean and median values were reported, differences were compared using a nonparametric (Mann-Whitney U and Kruskal-Wallis tests). The x 2 or Fisher p test was used to analyze categorical variables. Participants were divided in short sleepers (#5 hours daily) and long sleepers ($9 hours daily) according to the categories used in previous studies. 7, 27, 28 Short and long sleep duration categories were compared with the reference category (6-8 hours daily).
We used Cox proportional-hazards models to estimate hazard ratios (HRs) for dementia-specific mortality; this produced 95% confidence intervals (CIs). The time variable was the years from the date of the first evaluation (1994) (1995) to the date of death in subjects who had died. The dependent (outcome) variable was presence of a dementia condition on the death certificate, with the remaining causes of death serving as the reference group; meanwhile, the independent variable was the sleep duration category (long sleep duration vs short sleep duration vs sleeping 6-8 hours daily [reference category]). We began with an unadjusted model. Then, in adjusted models, we first considered baseline variables that in bivariate analyses were associated at the p , 0.05 level with both the exposure (long sleep duration vs short sleep duration vs 6-8 hours daily [the reference category]) and the outcome (dementia-related mortality) (model 1 [more restrictive criteria for confounding]), and then considered baseline variables that in bivariate analyses were associated at the p , 0.05 level with either the exposure or the outcome (model 2 [less restrictive criteria for confounding]). Finally, for completeness, we adjusted for all the potential confounders, independent of their statistical significance (i.e., even if they were not associated with either the exposure or the outcome) (model 3).
Kaplan-Meier survival curves for long sleepers vs short sleepers vs those who slept between 6 and 8 hours daily were assessed; the log-rank test was used to compare the differences among the 3 curves.
RESULTS
The 3,857 participants had a mean duration of follow-up of 10.1 years (median 5 12.5 years; range 5 0.02-13.5 years). Of the 3,857 participants, 1,822 (47.2%) died over a median follow-up of 7.0 years (range 5 0.02-13.3 years), including 201 (11.0%) deaths among short sleepers, 832 (45.7%) among long sleepers, and 789 (43.3%) among those participants who reported sleeping between 6 and 8 hours (figure 1). Of 1,822 deceased participants, 92 (5.1%) had a dementia condition reported on the death certificate. Of these 92, 49 (53.3%) were long sleepers, 36 (39.1%) reported sleeping between 6 and 8 hours, and 7 (7.6%) were short sleepers.
Baseline characteristics of the deceased participants in the 3 sleep duration categories are shown in table 1. Short sleep was associated with female sex, older age, and lower educational category. In addition, short sleepers were more likely to have had osteoporosis and depressive symptoms or antidepressant use; a higher proportion used medication with CNS effects, rated their health as bad or very bad, and were living in Las Margaritas (blue-collar area) (table 1) . Furthermore, longer sleep duration was associated with smoking and cancer (table 1) .
Baseline characteristics of the participants who died of dementia vs those who died of other causes are shown in table 2. Those who died of other causes were more likely to have been male and to have been smokers and drinkers. In addition, they were more likely to have had hypertension, heart diseases, and chronic obstructive pulmonary disease.
In an unadjusted Cox model, risk of dementiaspecific mortality was increased in long sleepers vs the reference group (table 3) . In a Cox model that adjusted for sex and ever smoking (i.e., variables associated with sleep duration categories and dementiaspecific mortality), the risk of mortality remained increased in long sleepers (model 1, table 3 ). The results did not change in a Cox model that adjusted for variables associated with either sleep duration categories or dementia-specific mortality (i.e., baseline age, sex, educational level, geographical area, selfrated health, ever smoker [ex-smoker/current smoker], ever drinker [ex-drinker/current drinker], cancer, arterial hypertension, heart diseases, obstructive pulmonary chronic disease, osteoporosis, depressive symptoms or antidepressant use, and CNS medication use) (model 2, table 3 ). Furthermore, in a model that adjusted for baseline age, sex, educational level, geographical area, self-rated health, ever smoker (ex-smoker/current smoker), ever drinker The Kaplan-Meier curves (figure 2) showed that long sleepers were at increased risk of death compared with those in the reference category (log-rank p , 0.001). DISCUSSION The results of the current study suggest that elderly long sleepers are at increased risk of mortality from dementia. Relative to those who reported sleeping 6 to 8 hours daily, the HR for dementia as the underlying cause of death was 58% higher in long sleepers. The association persisted even after controlling for a variety of combinations of covariates Table 1 Baseline characteristics of the deceased study participants (n 5 in adjusted models. For short sleepers, the risk was unchanged relative to the reference group. The current research further supports the previously reported association between baseline long sleep duration, but not short sleep duration, and increased risk of incident dementia in the NEDICES Study. 7 We could only identify 2 previous populationbased studies that prospectively analyzed the contribution of sleep problems to the risk of incident dementia. In the NEDICES Study, 3,286 participants without dementia were evaluated at baseline (1994-1995) and 3 years later. 7 There were 140 cases of incident dementia. 7 The HR for dementia for short sleepers was 2.36 (95% CI 5 1.07-5.21, p 5 0.03) and for long sleepers it was 2.40 (95% CI 5 1.20-4.81, p 5 0.01). 7 After adjusting for potential confounders, the HR was only marginally increased for short sleepers (HR 5 1.87, 95% CI 5 0.85-4.15, p 5 0.12), but it remained increased for long sleepers (HR 5 2.18, 95% CI 5 1.09-4.37, p 5 0.03). 7 In this sense, in the NEDICES Study, during a 3-year follow-up period, the scores of the 37-item version of the Mini-Mental State Examination declined by 0.5 6 4.0 points in short sleepers, 0.6 6 4.3 points in long sleepers, and 0.2 6 3.8 points in the reference category (6-8 hours). 27 The difference between short sleepers and the reference category was not significant (p 5 0.142); however, the difference between long sleepers and the reference category was significant (p 5 0.04). 27 Finally, in a population-based study of 214 Swedish elderly people who were dementiafree both at baseline and at first follow-up (3 years Table 2 Baseline (1994-1995) demographic and clinical characteristics of deceased participants in whom a dementia condition was reported on the death certificate (n 5 92) vs participants in whom other causes of death were reported on the death certificate (n 5 later), reduced sleep was associated with a 75% increased all-cause dementia risk (HR 5 1.75, 95% CI 5 1.04-2.93, p 5 0.03) after adjusting for age, sex, and education. 8 The results remained similar after adjusting for lifestyle and vascular factors, but not after adjusting for depressive symptoms. 8 Although the current findings suggest that longer sleeping may pose a significant risk of dementia mortality, the mechanisms underlying this association remain unknown. We can speculate on potential mechanisms. First, an unrecognized confounder (e.g., sleep-disordered breathing) may lead both to an increased need for sleep and dementia. 29 Second, longer sleep duration could be an early symptom of dementia. Third, increased sleep duration heralding dementia might be explained, at least partly, by pathologic changes related to dementing conditions. Specifically, patients with severe dementia tend to sleep significantly longer than patients with less severe dementia. 30 Fourth, the unequal distribution of traditional cardiovascular risk factors may be of significance. Specifically, in the current cohort, subjects with longer sleep duration were more likely to have been smokers. This is in line with a large cohort study in which a higher incidence of dementia among smokers was reported. 31 Finally, excessive sleeping might lead to an increased risk of dementia per se.
Our study had several limitations. First, data on sleep duration was self-reported and may be subject to bias, including the existence of a change in the typical sleep duration anticipating the onset of dementia. Such bias, however, is equally likely for all of the 3 study groups and, given the large number of participants, is likely to be negligible. Second, we did not distinguish between nighttime sleep and daytime napping. There are many examples in the literature on the association of each of these aspects of sleep and different health outcomes. 32, 33 Third, subjects with mild cognitive impairment at baseline may have perceived their sleep differently from those without such impairment, so that the observed association may be attributable to misreporting of actual sleep patterns by participants who were impaired. Although possible, there is not enough evidence to think that mild cognitive impairment would result in Table 3 Risks of dementia-specific mortality in long sleepers ( ‡9 hours) vs short sleepers (£5 hours) vs those who slept between 6 and 8 hours (reference category) Adjusted for baseline age, sex, educational level, geographical area, self-rated health, ever smoker (ex-smoker/current smoker), ever drinker (ex-drinker/current drinker), cancer, arterial hypertension, diabetes mellitus, heart diseases, obstructive pulmonary chronic disease, osteoporosis, stroke, depressive symptoms or antidepressant use, and on medication with CNS effects (i.e., all potential confounders independent of their statistical significance). Regarding overall model fit, for model 3, x 2 5 36.21, p 5 0.007.
Figure 2
Sleep duration categories participants consistently underreporting their sleep duration or overreporting difficulties sleeping. Fourth, we did not collect data on who signed the death certificate (a general physician, a neurologist, or a geriatrician). It is logical to assume that the level of expertise of the physician signing the death certificate would predict the level of accuracy of that certificate. In addition, dementia may be omitted as a cause of death from the death certificates of patients with known dementia in life. 34, 35 Such omissions, however, are equally likely for all sleep categories. Finally, our evaluation of depressive symptoms was not complete and we may have underestimated depression, resulting in residual confounding. However, a previous study showed a high level of agreement between the data generated from the screening question we used for depression and a detailed in-person psychiatric assessment. 26 The strengths of the study included the large number of subjects who were assessed prospectively in a standardized manner, and that we were able to adjust for the potential confounding effects of a number of important factors.
